Citation: Demir E., Balcioglu M.S. (2019): Genetic diversity and population structure of four cattle breeds raised in Turkey using microsatellite markers. Czech J. Anim. Sci., 64,[411][412][413][414][415][416][417][418][419] Abstract: In the present study, genetic diversity and population structure of Holstein Friesian and three native cattle breeds of Turkey including Turkish Grey Steppe, Eastern Anatolian Red and Anatolian Black were assessed. Totally 120 individuals of 4 breeds were genotyped using 20 microsatellite markers and 204 different alleles, of which 31 were private alleles, were detected. The average observed and expected heterozygosity values were 0.63 and 0.74, respectively. Observed heterozygosity at the marker level ranged from 0.30 (DRBP1) to 0.88 (ILSTS011), while expected heterozygosity ranged from 0.51 (INRABERN172) to 0.88 (SPS113). Inbreeding coefficient values for Turkish Grey Steppe, Eastern Anatolian Red, Anatolian Black and Holstein Friesian were 0.216, 0.202, 0.128 and 0.069, respectively. The lowest pairwise F ST value (0.030) was detected between Turkish Grey Steppe and Anatolian Black breeds, while the highest value (0.070) was detected between Turkish Grey Steppe and Holstein Friesian. Results of structure and factorial correspondence analysis revealed that Turkish native cattle breeds and Holstein Friesian were genetically different enough to separate the two breeds. Results of bottleneck analysis indicated heterozygosity deficiency in Turkish Grey Steppe (P < 0.05).
Turkey has great genetic diversity of animals due to a wide range of geographical conditions and diverse environment. In addition, Turkey is situated near the Fertile Crescent, in which cattle, sheep and goats were first domesticated (Zeder and Hesse 2000) . In Turkey, there are 17 million head of cattle belonging to Holstein Friesian breed (pure and crossbreeds) and 6 distinct native cattle breeds including Turkish Grey Steppe, Eastern Anatolian Red and Anatolian Black (http://tuik. gov.tr/PreTablo.do?alt_id=1002). Turkish native cattle breeds are raised in limited regions such as Anatolian Black in Middle Anatolia, Eastern Anatolian Red in East Anatolia and Turkish Grey Steppe in the Thrace region. Although Turkish native cattle breeds have low milk and meat yields, they are resistant to diseases and temperature changes. These cattle breeds are raised by small farmers for milk and meat production. However, most of the farmers prefer breeding Holstein Friesian due to their high performance. The use of Holstein Friesian semen in artificial insemination caused a decrease in the number and purity of Turkish native cattle breeds. In fact, Turkey, which has 1.6 million head of native cattle today, had 4.2 million head of native cattle in 2000. As a result, some Turkish native cattle breeds such as Karacadag, Eleskirt and Karaisali breeds have gone extinct while the remaining breeds have lost their population sizes (Ertugrul et al. 2015) . The reduction in population size and purity of breeds may cause a reduction in genetic diversity.
A reduction in genetic diversity brings about conservation efforts. It is necessary to reveal the https://doi.org/10.17221/62/2019-CJAS genetic diversity in order to carry out conservation programs. Thanks to developing molecular techniques, it is possible to examine the genetic diversity in populations at the DNA level. Today, microsatellite markers are used extensively for determination of genetic diversity in livestock (Agung et al. 2019; Ozsensoy et al. 2019 ). Since microsatellites are distributed randomly throughout the genome, they are useful in genome mapping studies. In addition, microsatellites are used for estimation of phylogenetic relationships between populations (Ozkan 2005; Ozsensoy 2011 ), determination of bottleneck effects (Devi et al. 2017 ) and calculation of inbreeding coefficient (Agung et al. 2016) . The present study aimed to reveal genetic diversity, population structure and phylogenetic relationships between four cattle breeds raised in Turkey by using 20 microsatellite markers recommended by Food and Agriculture Organization of the United Nations (FAO). The results of the present study may be the basis for subsequent breeding and conservation programs for these cattle breeds.
MATERIAL AND METHODS

Ethic statement and animal material.
This study was approved by Akdeniz University Animal Experiments Local Ethic Committee (Protocol No. 2017 .08.007). The study was conducted on a total of 120 animals representing Holstein Friesian (HF, n = 30) and 3 native cattle breeds of Turkey: Turkish Grey Steppe (TGS, n = 30), Eastern Anatolian Red (EAR, n = 30), Anatolian Black (AB, n = 30). All samples were collected from several representative herds. The blood samples of HF were collected from dairy cattle bred on the farm of Akdeniz University that has recently (2 years ago) been provided cattle from several herds kept in ten towns of Turkey. Blood samples of AB were collected from Eskisehir and Antalya, Turkey. Blood samples of EAR and TGS were collected from Erzurum and Balikesir, Turkey, respectively. The blood samples were stored at -20°C until DNA extraction steps.
Molecular markers. In this study, 20 microsatellite markers recommended by FAO (2011) for genetic characterization studies were used. More information about all used loci is given in Table 1. DNA extraction from blood samples. In this study, DNA extraction protocol reported by Miller et al. (1988) was used to extract genomic DNA from blood samples. Agarose gel electrophoresis was applied to confirm that genomic DNA was extracted successfully.
Polymerase chain reaction (PCR) and fragment analysis. Many experiments have been carried out with a few samples in order to obtain a common PCR and PCR program for all loci. Using an Eppendorf 5331 MasterCycler Gradient Thermal Cycler (Eppendorf, Germany) PCR was carried out in a total of 15 μl volumes containing as follows: 1× PCR buffer, 0.2 mM dNTPs, 1.5 mM MgCl 2 , 1 U Taq DNA polymerase, 10 pM of each primer and 50 ng template DNA. PCR amplifications were carried out in initial denaturation at 94°C for 10 min, followed by 31 cycles at 94°C for 40 s, at 50-65°C (Table 2) for 40 s and at 72°C for 40 s. The final extension was applied at 72°C for 10 min. In PCR steps each microsatellite marker was amplified separately. The PCR products were visualized by agarose gel electrophoresis to confirm that all loci were amplified successfully. A 96-well automatic fragment analyzer (Agilent 5200 Fragment Analyzer System; Agilent, USA) was used for fragment analysis. ProSize Version 3.0 was used to obtain allele sizes.
Statistical analysis. Convert Version 3.1.1 (Glaubitz 2004) was used to detect allele number, number of private alleles and allele size range for each locus. POPGENE Version 1.32 (Yeh et al. 1997 ) was used to calculate average number of alleles, effective number of alleles, observed heterozygosity, expected heterozygosity, F-statistics. Expected heterozygosity (He) was calculated from Nei's (1987) 
where: p i = frequency of allele i Microsatellite toolkit (Park 2001 ) was used to obtain polymorphism information content (PIC) values, statistical assessment of informativeness of the used markers, calculated according to Botstein et al. (1980) using the formula:
where: m = allele number of a microsatellite locus p i , p j = frequencies of the i th and j th allele of a locus https://doi.org/10.17221/62/2019-CJAS determine the genetic structure of populations and to cluster all individuals to show the genetic admixture. The program was run using 100 independent runs for each K value between 2 and 5 with a burn-in period of 200 000 iterations followed by 500 000 iterations of Markov Chain Monte Carlo (MCMC) algorithm. An online program Genetic diversity among and within populations was analysed by AMOVA using Arlequin Version 3.5 (Excoffier et al. 2005) . GENETIX Version 4.05 (Belkhir et al. 2004 ) was used for a factorial correspondence analysis (FCA) which locates breeds in three-dimensional space. STRUCTURE Version 2.2 (Pritchard et al. 2000 ) was used to https://doi.org/10.17221/62/2019-CJAS STRUCTURE HARVESTER (Earl and vonHoldt 2012) implementing the Evanno method (Evanno et al. 2005 ) was applied to detect the optimal K value. BOTTLENECK Version 1.2.02 (Piry et al. 1999 ) detected genetic signatures of the recent reduction in population size. Standardized differences are recommended when the number of loci ≥ 20 (Piry et al. 1999 ). The Two-Phase Model of Mutation (TPM) is recommended to be applied instead of the Stepwise Mutation Model (SSM) in a microsatellite analysis (Luikart and Cornuet 1998) .
RESULTS AND DISCUSSION
Genetic diversity. A total of 204 different alleles, of which 31 were private alleles, were detected for 20 microsatellite loci in all populations. All the private alleles showed frequencies lower than 3%. The number of alleles per locus ranged from 5 (TGLA227) to 17 (ETH185) with a mean of 10.2, while the number of effective alleles per locus ranged from 2.39 (DRBP1) to 7.78 (SPS113) with a mean of 4.44.
Observed heterozygosity ranged from 0.30 (DRBP1) to 0.98 (ILSTS011) with a mean of 0.63, while expected heterozygosity ranged from 0.51 (INRABERN172) to 0.88 (SPS113) with a mean of 0.74. Generally, observed heterozygosity was lower than expected heterozygosity, which may be due to the presence of more homozygous individuals in the analysed samples.
The PIC value ranged from 0.47 (INRABERN172) to 0.84 (SPS113) with a mean of 0.70. All microsatellite loci except INRABERN172 showed high polymorphism (PIC > 0.5) to reveal genetic diversity in the studied populations.
Genetic differentiation and relationship among the populations. F-statistics including F IS (within-population inbreeding estimate), F IT (total inbreeding estimate) and F ST (estimate of population differentiation) are used to determine the inbreeding level in a breed or all populations and for genetic differentiation among populations. Mean values of F IS , F IT and F ST for all loci were 0.154, 0.185 and 0.055, respectively. F ST values could indicate small (0-0.05), medium (0.05-0.15), high (0.15-0.25) and very high (F ST > 0.25) differentiation between breeds (Hartl and Clark 2007) . In this study, a medium level of F ST value was detected in all breeds and only 5.5% of genetic diversity was attributed to breed differences. The lowest pairwise F ST value (0.030) was between TGS and AB breeds, while the highest pairwise F ST value (0.070) was between TGS and HF breeds ( Table 3) . All pairwise F ST values were significant (P < 0.01), indicating that all breeds could be considered genetically different.
The FCA method revealed a very clear separation between HF and the Turkish native cattle breeds (Figure 1 ). Axis 2, which explained 32.13% of total variance, separated the HF breed from Turkish native cattle breeds. FCA results indicated that individuals from native cattle breeds (especially the TGS and AB breeds) were mixed, which indicates a closer relationship between them.
The structure analysis is presented in Figure 2 . The TGS and EAR breeds as well as the AB and HF breeds clustered together at K = 2. At K = 3, HF breed was clustered separately from Turkish native cattle breeds. Using STRUCTURE HAR-VESTER, the most likely number of clusters was obtained at K = 4. At K = 4, all the cattle breeds were identified as a separate cluster. In addition, a distinct genetic difference in the degree of admixture was observed between TGS and the other cattle breeds. Results of FCA and structure analysis were in accordance with the origin of the studied populations. AMOVA results presented in Table 4 showed that the highest and the lowest part of variation was observed within populations (80.068%) and among populations (5.186%), respectively. Bottleneck effects cause a rapid decrease in effective population size, resulting in a reduction in heterozygosity (Nagamine et al. 2008; Devi et al. 2017) . Bottleneck analysis was applied to reveal the reduction in effective population size. The probability values obtained based on TPM model and standardized difference test are presented in Table 5 . The result of bottleneck analysis revealed a reduction in heterozygosity in TGS breed (P < 0.05). The EAR, AB and HF breeds were in mutation-drift equilibrium (P > 0.05).
Genetic characterization studies are the first step of conservation programs (Devi et al. 2017) . Especially the genetic structure of native cattle breeds, which contribute to the world animal genetic resources, should be estimated using strong molecular markers. Microsatellite markers are commonly used to estimate both genetic diversity and phylogenetic relationship of indigenous cattle breeds of the world. Although there are numerous published studies focusing on genetic characterization of indigenous cattle breeds using microsatellite markers (Suh et al. 2014; Agung et al. 2016; El-Sayed et al. 2016; Hussain et al. 2016; Devi et al. 2017) , there are fewer studies focusing on native cattle breeds of Turkey (Ozkan 2005; Ozsensoy 2011; Ozsensoy et al. 2019) .
Genetic diversity parameters including the number of alleles, number of effective alleles, observed heterozygosity and expected heterozygosity values of Turkish native cattle breeds were higher than (Devi et al. 2017) , Pakistan (Hussain et al. 2016) and Egypt (El-Sayed et al. 2016 ). This may be attributed to the location of Turkey near the cattle domestication centre. However, these parameters were lower than in the previous genetic diversity studies on native cattle breeds of Turkey (Ozkan 2005; Ozsensoy et al. 2019) . Ozşensoy et al. (2019) reported the total number of alleles as 10. 05, 9.10, 10.60 in TGS, EAR and AB breeds, respectively. Ozkan (2005) reported the total number of alleles as 10.29, 10.14, 10.29 in TGS, EAR and AB breeds, respectively. This lower genetic diversity may result from many factors including the use of different microsatellite loci and different number of individuals. In this study, the inbreeding coefficient (F IS ) in TGS, EAR, AB and HF was 0.216, 0.202, 0.128 and 0.055, respectively, with a mean of 0.154. It is not surprising that the inbreeding coefficient in native cattle breeds of Turkey was noticeably higher than in HF breed, because the samples of HF breed were provided from ten places of Turkey. A previous study conducted by Ozsensoy et al. (2019) reported lower F IS value in TGS (0.12), EAR (0.03) and AB (0.06) breeds. It may be attributed to sampling strategy as well as to the use of different microsatellite markers.
The PIC value is the power of used microsatellite marker to reveal genetic diversity. The lowest and the highest PIC value was 0.547 (INRABERN172) and 0.84 (SPS113), respectively, with a mean of 0.70. A similar mean of PIC value (0.74) was reported in Simmental Cross cattle breed (Agung et al. 2016) The structure analysis showed that all breeds were distinctly different. This finding was supported by FCA in which HF breed clustered differently from Turkish native cattle breeds. Similarly, Agung et al. (2019) distinctly differed from Indonesian native cattle breeds. In addition, Korean native cattle breeds were found to be different from Holstein and Charolais (Suh et al. 2014) . AMOVA results showing that a large part of genetic variation accounted for within individuals were similar to Pakistani (Hussain et al. 2016) cattle breeds. In addition, a similar result was reported in Yellow cattle in Taiwan indicating a 4.35% proportion of genetic variation attributed to population differentiation among the studied populations (Tu et al. 2014) .
The bottleneck analysis revealed a reduction in heterozygosity in TGS. It may be due to a reduction in the effective population size of TGS breed. Indeed, TGS breed has the lowest population size among native cattle breeds of Turkey. Villalobos Cortes et al. (2010) 
CONCLUSION
The present study aimed to assess genetic diversity and population structure of three Turkish native cattle breeds and Holstein Friesian breed using 20 microsatellite markers. Medium heterozygosity was detected in four cattle breeds with medium genetic differentiation (5.5%) between them. Nevertheless, Turkish native cattle breeds had a higher level of inbreeding ranging from 0.128 (AB) to 0.216 (TGS), which indicated lower effective population sizes. In order to decrease the level of inbreeding and to increase the effective population size in native cattle breeds, comprehensive conservation programs are needed. Moreover, molecular applications such as microsatellite markers could be used to reduce the chance of inbreeding and to conserve the genetic diversity in populations. Therefore, we recommend further studies to gain more details about Turkish native cattle breeds.
